Abstract Wetlands, the biological filters of the Earth, play an important role in biochemical transformation of various pollutants. Wetland plants, in this direction, help in accumulating various contaminants from aquatic bodies. Considering this, the present study was planned to estimate different metals (Cd, Cu, Cr, Co, Fe, Pb, Zn, and Mn) in water, sediment, soil, and plant (4 aquatic and 12 terrestrial) samples of Kanjli wetland, Kapurthala, Punjab (India), and a Ramsar site. It was observed that the contents of Cd and Pb in water samples were higher than limits prescribed by Bureau of Indian standards. Bioaccumulation and translocation factors for various metals were also calculated. Although all the plant species were found to be hyperaccumulator for one or the other metal studied, maximum six metals (Cd, Co, Fe, Mn, Pb, and Zn) were bioaccumulated in Panicum antidotale among aquatic plant species while (Cd, Cu, Fe, Mn, Pb, and Zn) in Lantana camara and Ageratum conyzoids among terrestrial plants species. It is evident that all these plants have potential to phytoremediate various inorganic pollutants and can act as bioindicators. The physicochemical characteristics revealed high biochemical oxygen demand (BOD) and nitrate (NO 3 ) contents and low dissolved oxygen (DO) in water samples while the high content of phosphates in soil and sediment samples.
Introduction
Wetlands, often referred as "Earth's kidney," are transitional zone between terrestrial and aquatic system. Wetlands have been playing an important role in purifying the contaminated water for centuries. Majority of wetlands have been exploited for their natural cleansing capacity for assimilating various pollutants including heavy metals and pesticides [Joyce, 2012] . Wetland plants and sediments accumulate various contaminants that enter the water through natural and anthropogenic activities [Li et al., 2006; Adekola and Eletta, 2007; Lu et al., 2011] . Recent developments and industrial activities have resulted in discharging huge quantity of wastes including synthetic chemicals directly into wetlands. Aquatic plants uptake most of these pollutants through root and shoot structures because of their fast growth and high biomass [Bonanno and Lo Giudice, 2010; Matache et al., 2013] . Translocation to shoots is restricted, but magnification of heavy metals in roots reaches as high as 100,000 times more than the surrounding aquatic environment [Mishra et al., 2008] . Aquatic plants have been frequently used to assess wetland pollution all over the world and have been well documented to be indicator of pollution [Zayed et al., 1998; Zhu et al., 1999; Kamal et al., 2004; Souza et al., 2013] .
India has a rich source of natural surface water bodies in the form of rivers, streams, ponds, and wetlands. There are atleast 26 wetlands in India which have the recognition of Ramsar site. Punjab, a Northern Indian state, has three such wetlands, viz., Harike, Ropar, and Kanjli, which are listed as Ramsar sites. Despite their importance in terms of economy and environment, various anthropogenic activities are resulting in deterioration of wetland ecosystems. Considering the degrading conditions of Kanjli wetland, the present study was aimed to estimate different metal contents along with other physicochemical characteristics of different samples like water, soil, and sediment of Kanjli wetland, Kapurthala, Punjab (India). The vegetation samples including 4 aquatic and 12 terrestrial plants (leaves) growing in vicinity of wetland were also analyzed for metal contents (Figure 1 ). importance, as per Ramsar list since 2002. Kanjli wetland came into existence in 1870 due to the construction of barrage over Kali Bien (a tributary of Beas river), resulting in diversion of water towards Kapurthala. This wetland is thus a freshwater feature. Soil of the area is mainly alluvial in nature consisting of sand, silt, and clay. Maximum depth of water in wetland varies from 3.04 to 7.62 m depending upon the season and water inflow. Major catchment area of Kanjli is under agricultural practices.
Sample Collection
Sampling sites were systematically chosen for collection of water samples from upstream (approximately 1 km), wetland, and downstream (approximately 1 km). Water samples were randomly collected from 4 to 5 points of each site by immersing the sample bottle at least 15 cm below the surface level. The water samples were pooled in 1 L acid washed polyethylene bottles and brought to laboratory. Vegetation and soil samples were collected from both sides of the wetland belt lying between two extremes, i.e., upstream and downstream, whereas surface layer (0-10 cm) of bottom sediments was collected using handheld collector from the main wetland. Both aquatic and terrestrial plant/plant part samples growing under study area were collected, washed under running water, placed in plastic bags, and brought to laboratory. Collected plant samples were identified by comparing with preserved specimen in the herbarium of the Department of Botanical and Environmental Sciences, Guru Nanak Dev University, Amritsar, Punjab. The accession numbers of the plant species were recorded during the identification of plant species (Table 1 ). In the case of two aquatic plants, viz., Eichhornia crassipes and Panicum antidotale (dominant macrophytes), different parts of plants (roots, stem/petiole, and leaves) were separated and dried at 80°C till constant weight was attained. Dried plant parts were then crushed to make fine powder.
2.3. Estimation of Physicochemical Parameters 2.3.1. Heavy Metals Different metals, viz., iron (Fe), copper (Cu), cadmium (Cd), chromium (Cr), lead (Pb), zinc (Zn), and cobalt (Co), were analyzed in water samples by direct filtration through Whatman filter paper No. 1. Soil and sediment samples were air dried at room temperature and digested with aqua regia (HCl:HNO 3 in 3:1). The solution was evaporated to 2 mL, filtered into 20 mL volumetric flask, and final volume was made up to mark with double distilled water. For plants and plant parts, metals were determined after acid digestion of dry samples with a triacid mixture (HNO 3 :H 2 SO 4 :HClO 4 in 5:1:1) at 80°C till a transparent solution was obtained. Metal contents for all samples were determined using atomic absorption spectrophotometer (AAS 240 FS Agilent Association, 2005] . Soil and sediment samples were dried at room temperature and passed through 2 mm sieve. A 1:5 soil/sediment:water (weight/volume) suspension was prepared, and pH and electrical conductivity (EC) were measured using hydromagnetic digital meter-COM-100 (New Delhi, India) and Equip-tronics EQ-614-A (Mumbai, India), respectively. A core cylinder was used for analysis of bulk density of soil samples [Jacob and Clarke, 2002] , while bulk density of sediment was estimated using weight/volume method. Walkley-Black wet oxidation method was used for measuring organic carbon content and organic matter [Nelson and Sommers, 1982] . Ethylenediaminetetraacetic acid (EDTA) titration method was used for measuring calcium (Ca) and magnesium (Mg) [Lanyon and Heald, 1982] . Total nitrogen (N) was determined by Kjeldahl method [Bermner and Mulvaney, 1982] , and available phosphorous (P) was measured by sodium bicarbonate extraction using spectrophotometeric method [Olsen et al., 1954] .
Metal Bioaccumulation Factor (BAF) and Translocation Factor (TF)
Bioaccumulation factor refers to the efficiency of a plant species to accumulate a metal into its tissue from the surrounding environment [Ladislas et al., 2012] . BAF of different metals from soil to terrestrial plants, sediment to rooted aquatic plants, and water to aquatic plants was calculated on the basis of dry weight of plant samples. It was calculated using the equation given by Wilson and Pyatt [2007] .
where C plant tissue is metal concentration in plant tissue and C soil/sediment/water is metal concentration in soil, sediment, and water, respectively.
Translocation factor (TF) refers to the accumulation of metal concentration from roots to other plant parts. It was calculated using following equation [Zacchini et al., 2009] .
where C aerial parts is metal concentration in plant leaves/stem and C root is metal concentration in roots.
Statistical Analyses
The data were presented as mean ± SE obtained from values for each sample. The experimental data was statistically analyzed using one way analysis of variance and Pearson correlation using STATISTICA 12. Pearson correlation coefficients were also calculated to examine the relationship between the metals content of in vegetation samples.
Results and Discussion
3.1. Physicochemical Parameters 3.1.1. Water Pamples Different water samples were analyzed for physicochemical parameters including metal contents (Tables 2-4) . Most of the physicochemical characteristics of the studied samples were within the permissible range specified by Bureau of Indian Standards [2012a Standards [ , 2012b for drinking and surface water ( Table 2) . pH of the aquatic system is an important indicator of the water quality and the extent of the pollution in the watershed area. pH range of 6.5-8.5 is normally acceptable as per guideline suggested by Bureau of Indian Standards. [Granier et al., 2000; Reddy et al., 2005; Sekomo et al., 2011] . Biochemical oxygen demand were observed to be 36.53 mg/L (upstream), 44.07 mg/L (wetland), and 63.33 mg/L (downstream) indicating high organic pollution. All the sampling sites were under the influence of anthropogenic stress in terms of receiving the effluents from domestic sources. Sutha et al. [2010] reported that BOD in the range of 27-51 mg/L in Hindon River was due to discharge of domestic and industrial effluents. Among inorganic nutrients, maximum nitrate content (83.44 mg/L) was observed to be in the sample collected from downstream of the wetland which was higher than the recommended standard value of 20 mg/L prescribed by BIS for drinking and surface water. Nitrate content in water sample collected upstream of the wetland was observed to be 5.58 mg/L. Phosphate content was maximum in wetland (1.02 mg/L) followed in downstream (0.09 mg/L) and (0.04 mg/L) in upstream site. Domestic waste and chemical fertilizer runoff from adjoining agricultural fields can be considered as the contributory factors for elevated levels of contaminants in water body. Excess of inorganic nutrients like nitrates and phosphates in water cause algal blooms that results in depletion of dissolved oxygen. Depleting level of oxygen in water can also be attributed to putrefaction of organic matter as well as death and decay of aquatic organisms. Both Cl and Na content were observed to be within permissible limits.
During collection of water samples, it was observed that various ritual activities were performed at downstream site of Kanjli wetland which led to accumulation of coconut shells, rags, and rotten flowers. Kanjli wetland complex was also found to be covered by thick layer of Eichhornia crassipes. All these factors could be the probable reasons for alteration of physicochemical characteristics of water. Variation in the physicochemical characteristics of water in upstream water could be attributed to the waste water discharges from domestic and industrial sources.
Sediment and Soil Samples
The physicochemical characteristics of sediment and soil samples are presented in Table 3 . pH of the sediment was acidic (6.95) whereas soil pH was alkaline (8.85). The electrical conductivity (EC), considered as indicator of salinity, was observed to be 0.73 mS/cm for sediment and 0.71 mS/cm in soil sample. The bulk density is directly related to the porosity of the soil. Higher the porosity, less will be the bulk density. Troeh and Thompson [2005] stated that bulk density in range of 1.3-1.4 contained high sand content. Increase of organic matter in soil/sediment samples leads to reduced bulk density whereas inorganic material increases the bulk density. In the present study, bulk density of sediment was observed to be low (0.96 g/cm 3 ) probably due to the reason that sediment was collected from the banks of the wetland which had deposition of the dead and decayed materials over it. The bulk density of 1.3-1.6 g/cm 3 is considered best for agricultural practices. Bulk density of soil was 1.44 g/cm 3 indicating suitability for agricultural activities. Among other essential nutrients, available P (2453 mg/100g) was maximum in sediment and (694.90 mg/100g) in soil samples. Kjehldal N content was observed to be 2.5-fold higher in sediments (48 mg/100g) when compared to soil (19.0 mg/100g). The contents of other parameters for sediment samples were observed Ca (9.35 meq/100g), Mg (28 meq/100g), Na (25.23 mg/100g), Cl (3.78 mg/100g), and organic carbon (0.31%) whereas that of soil sample as Ca (10.15 meq/100g), Mg (22.66 meq/100g), Na (21.36 mg/100g), Cl (4.02 mg/100g), and organic carbon (0.11%). Organic matter was observed to be 0.55% and 0.19% for soil and sediments, respectively.
3.3. Metal Content 3.3.1. Water, Soil, and Sediment Samples Mean contents of different metals in Kanjli water, sediment, and soil samples are presented in Table 4 . Metal contents of water was in the order as Co > Fe > Zn > Mn > Cd > Pb. The content of Cr and Cu were observed to be below detection limit. [Ishaq and Khan, 2013] . The decreasing trend of various metals in sediments was Fe > Mn > Zn > Cr > Cu > Pb > Co > Cd, while for soil, it was Fe > Mn > Zn > Cr > Co > Cu > Pb > Cd. The content of heavy metals in sediments was found to be considerably higher than those obtained in wetland water samples. The occurrence of heavy metals in wetland water, sediment, and soil samples can be attributed to discharge of untreated sewage and agrochemical runoff from nearby villages directly into wetland.
Plant/Plant Parts
The concentration of metals in 4 aquatic and 12 terrestrial plants collected from Kanjli wetland is presented in Table 5 
Bioaccumulation and Translocation Factor
To identify hyperaccumulator species BAF and TF can turn out to be important tools. BAF and TF for the metals investigated are shown in Tables 7 and 8 . Plants with BAF and TF greater than 100 have potential to act as hyperaccumulator and indicator of pollution [Wilson and Pyatt, 2007] . BAF of different metals in aquatic plants followed an order as mentioned below.
Cd: E. crassipes > L. minor > P. antidotale > P. crispus Cr: P. crispus Co: E.crassipes > P. crispus Cu: P.antidotale > P.crispus Fe: E.crassipes > L.minor > P.antidotale > P. crispus Mn: P. antidotale > P.crispus Pb: E.crassipes > L.minor > P.antidotale > P. crispus Zn: E.crassipes > L.minor > P. crispus > P.antidotale
Bio accumulation factor for terrestrial plants is shown in Table 8 and order of BAF was observed as follows: (12, 26) at p ≤ 0.05 = 2.15. HSD, honestly significant difference; BDL, below detection limits. Translocation factor for different metals in E. crassipes and P. antidotale was observed as follows:
E. crassipes was observed to be the hyperaccumulator for Cd, Co, Fe, Pb, and Zn while P. antidotale for Cu and Mn. Among all metals, Pb has shown maximum translocation in leaves and petiole of E. crassipes whereas Mn in leaves and stem P. antidotale.
Cadmium is nonessential as well as highly toxic element that affects growth, metabolism, and water status of plants [Divan et al., 2009] . Cd also produces oxidative stress by releasing free radicals and reactive oxygen species which can cause death of plants via damaging membrane lipids, proteins, pigments, and nucleic acids [Foyer et al., 1994] . In the present study, the content of cadmium in different aquatic plant samples varied from 5.20 mg/kg (E. crassipes petiole ) to 9.13 mg/kg (E. crassipes root ) while in terrestrial plants from 6.75 mg/ kg (M. coromandilianum leaf ) to 9.59 mg/kg (A. aspera leaf ). The content of cadmium (5-700 mg/kg) was previously documented to be in phytotoxic [Chaney, 1989] . Another metal, chromium beyond 0.5 mg/kg was reported to be toxic to plants [Allen, 1989] . In the present study, Cr content in vegetation samples ranged from 2.33 mg/kg to 8.06 mg/kg, indicating high phytotoxic threshold. Low content of cobalt has some favorable effects on plant growth but at higher concentrations; Co is considered as one of the most toxic elements [Bonanno, 2011] . The content of Co ranged from 2.33 mg/kg in A. arvensis leaves to 7.26 mg/kg in S. acuta leaves among nine terrestrial plants. The average content of Co in leaves of terrestrial species was observed to be higher than that of samples of unpolluted agricultural land where the observed value were 4 mg/kg [Vardanyan and Ingole, 2006; Bonanno, 2011] .
Copper at low concentration is essential for plant nutrition and is required for various enzymatic activities but becomes toxic at higher levels [Fairbrother et al., 2007; Bonanno, 2013] . Kabata-Pendias and Pendias [2001] reported that content of Cu in various plants from unpolluted regions in different countries were less than 8.40 mg/kg. During the present study, Cu content was found to be maximum (92.40 mg/kg) in E. crassipes root and 131.60 mg/kg in P. juliflora leaf whereas minimum, i.e., below detection limits, in P. antidotale and 3.02 mg/kg in B.capereotota leaf , among aquatic and terrestrial plants, respectively. Most of the plant species had Cu content higher than the phytotoxic range, i.e., 25-40 mg/kg as given by Chaney [1989] .
Iron, the vital element for plant growth, plays a key role in processes of energy transformation needed for synthesis and other life processes of cell [Kabata-Pendias and Pendias, 2001] . In the present study, Fe content in plants was higher than the natural uncontaminated habitat. P. antidotal roots and E. crassipes roots showed maximum accumulation of Fe as 9766.66 mg/kg and 5383.06 mg/kg, respectively. The values were observed to be much higher than the natural content (370 mg/kg) as described by Brooks and Robinson [1998] . The reason for high Fe content in roots of plants can be due to the formation of iron hydroxide plaques that are Manganese is another essential micronutrient for plants, being involved in the enzyme activity and photosynthesis [Bonanno and Lo Giudice, 2010] . The content of Mn in leaves of all the plants species studied exceeded the natural content (52 mg/kg) as given by Brooks and Robinson [1998] as well as the toxic range (50-500 mg/kg) given by Allen [1989] and Bonanno [2013] . The presence of Mn is directly correlated to the use of fertilizers in the adjoining agricultural fields.
Lead is not an essential element for plant growth and is considered to be toxic. The content of lead in macrophytes was observed to be more than the normal values, i.e., 0.05-3.0 mg/kg [Kabata-Pendias and Pendias, 2001] . BAF for lead in all the aquatic plant species studied was above 100 whereas TF was < 100. The present study is in line with earlier reports indicating the immobile nature of lead from soil and sediments to aerial parts [Siedlecka et al., 2001] . Similarly, the lead content of terrestrial plants varied from 23.47 mg/kg (P. juliflora leaf ) to 83.39 mg/kg (L. camara leaf ). The observed content of Pb in present study was higher than the natural plant content (4.2 mg/kg) of uncontaminated sites.
Zinc is a vital plant nutrient which plays role in metabolism. However, Zn content above 500-1500 mg/kg is phytotoxic [Chaney, 1989] . In the present study, E. crassipes showed maximum (578.2 mg/kg) Zn content in roots. Among terrestrial plant species, Zn ranged from 29.18 mg/kg (C. sativa) to 258.4 mg/kg (A. conyzoids).
BAF for cadmium, chromium, and manganese in most of the terrestrial plants and all aquatic plants was more than 100 indicating high efficiency of plants to accumulate these metals from soil and water, respectively. TF for Cd, Fe, Pb, and Zn was > 100 in P. antidotale. Similar relationship between BAF and efficiency of plants to translocate metals from one part to another was given by Ma et al. [2001] . Heavy metals upon entering biological systems can cause various health effects (Figure 3) . It is well documented that uptake of heavy metals in human beings can cause gastrointestinal disorder, kidney damage, nervous system disorder, and bone and lung injury [Duruibe et al., 2007; Peralta-Videa et al., 2009; Thakur et al., 2010; Jomova and Valko, 2011; Vila et al., 2012] .
The present study reveals the tendency of native macrophytes to bioaccumulate heavy metals. Aquatic macrophytes are considered as biological filters which directly influence the movement of heavy metals in any aquatic ecosystem. Some plant species especially, hyperaccumulaters are able to accumulate the metals in concentration exceeding their content in the aquatic ecosystem. Such plant species not only indicate the bioaccumulation potential of plant species but also are used as indicator of aquatic environmental hazards to evaluate the persistent and acute toxicity of metals [McGeer et al., 2003] . In the present study, all four aquatic plant species accumulated high contents of metals studied. However, E. crassipes and P. antidotale accumulated high metal contents as compared to L. minor and P. crispus. High metal content in the roots of E. crassipes and P. antidotale indicates that the metals were uptaken through the water and sediments directly by these indicator plants. The results are in line with previous studies which postulated that aquatic flora reflects the metal content of its environment [Demirezen and Aksoy, 2006; Harguinteguy et al., 2014] .The presence of metal in plants as well as aquatic ecosystem indicates the contamination of Kanjli wetland and strongly recommend the seasonal monitoring of water to conserve it.
Pearson correlation matrix measures the linear dependence between two variables. It has value between +1 and À1, where +1 is total positive linear correlation and À1 is total negative correlation. Table 9 describes the Pearson correlation matrix between heavy metal content in different plant samples. It was observed that only four metals have shown the significant correlations like Co was found to be correlated to Zn while Cr with Fe at p ≤ 0.05. No other metal has shown any significant correlation. 
